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Since 1954, Electric Fishing Operations have been carried out 
within the Area of the Lancashire River Board, the purpose 
primarily being to acquire salmon and sea trout. These fish are 
required for a salmon propagation scheme whereby ova are 
obtained, fertilised and incubated. Up to 1956/57, a number of 
fish, found to have profusions on one or other side of the body, 
were submitted for bacteriological examination, the swellings being 
typical of the early stages of Furunculosis. In all cases the 
bacteriological reports were negative. Up to 1959, these swellings 
had been found on a number of salmon and sea trout, the majority 
of which were destroyed. 
During 1959, the Board sanctioned an experiment, to be carried 
out at Morecambe, to determine what physiological changes could 
take place in salmon and sea trout kelts. Amongst the kelts were 
some from which the ova had been removed artificially. A number 
of these fish, quite by chance, had been obtained by the D.C. 
electric fishing machine and formed part of the experiment on 
saline acclimatisation. These fish were amongst those introduced 
into a sea water pool, 180 yards long and 60 yards wide, with an 
average depth of 16 inches. During the experiment, the fish were 
at all times readily visible and, externally, physical conditions and 
changes could easily be seen. It was noticed that, after a few 
days in salt water, a number of fish lost the use of the lower half 
of the body and that the tail fin was of little value to them. The 
pectoral fins appeared to be used to a greater degree than is 
normally the case and this had the effect of propelling the fish in 
an upward movement on to the surface of the water. When these 
fish were examined, the swellings previously described were again 
noticed, revealing a deformity (FIGURE 1). Histological, and 
not bacteriological, examinations were now made and these 
revealed fractures of the bone structure. To support the 
histological findings, X-ray examinations were made of some 
salmon and sea trout that had been obtained by the D.C. Electric 
Fishing Machine and FIGURE 2 clearly shows the typical con-
ditions which were found in every case. 
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The numbers of sea trout collected by the Electric Fishing 
Machines were as follows: — 
(These figures disregard a number of smaller fish stunned during 
the operations, which were allowed to swim away.) Salmon 
obtained by the Electric Fishing Method over the three years 
under review amounted to 87, the weight average being about 10 
lbs. 
Analysis of returns and Bailiffs' Reports showed that, out of 
a total of 2,852 fish, approximately 300 had been injured. 
At this time, an extensive search for literature or experimental 
data on the effects of Electric Fishing Machines on salmon and sea 
trout had negative results. It was found that most of the research 
carried out on Electric Fishing Machines was centred on the 
mechanics of the equipment and, in this respect, the fundamental 
details of design and electric power outputs are now quite well 
known. Present day literature and investigations into the effects 
of Electric Fishing Machines on fish (chiefly trout and coarse 
fish), indicate that nearly all the work done has been carried out 
in aquaria, with little or no investigation into fish in rivers. 
Difficulty has been experienced, therefore, in locating any 
specific information regarding the effects of electric fishing equip-
ment on salmon and sea trout in rivers. As a result of this lack of 
information on the physiological changes in salmon and sea trout 
which had been subjected to electric fishing procedures, the experi-
ments enumerated in this report have been conducted. 
The power output, throughout the investigations, was derived 
from: — 
(1) A shunt excited generator, driven by a Villiers mark 7 engine. 
This type of generator created its own magnetic field and gave a 
consistently steady voltage of 200 volts, at 1.4 amps., but, under 
heavy load current demand, there was a fairly high voltage drop. 
(2) A similarly propelled cumulative compound generator—a 
machine identical with the above-mentioned unit, with the excep-
tion that a few series compounding turns had been added to the 
magnetic windings which reduced the voltage drop and gave a 
steady voltage output, whatever the load. 
The findings enumerated in this report applied equally to both 
power units. 
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(3) The third power supply was obtained from a three phase 
supply through a step down transformer, giving an output of 50 
volts 50 Cycle Alternating Current at, 1 1/2 amps. The results from 
this source of supply are specifically mentioned herein. 
General River Characteristics 
The total soluble solid range in the various rivers used for the 
experiments varied from 36 parts per million to 480 parts per 
million. Over a period of four months, the six streams had average 
values as follows: — 
Soluble Reciprocal 
Solids (S.S.) Ohms Megohms (R.mg.) 
River Eea 270 1100 325 
Rusland 80 3600 104 
Gilpin 90 3400 156 
Chapel Beck 155 2300 161 
Cotton Beck 115 3100 125 
Hatchery Beck 105 3000 120 
Under Barrow Beck — 1200 260 
Plots of the voltage gradients in these streams were made at 
frequent intervals and a typical graph for the River Rusland can 
be seen in FIGURE 3. In the first instance, the total voltage out-
put from the D.C. generator, as applied to the electrodes was 
250 volts. D.C., when measured on a valve voltmeter of 10,000 
ohms per volt. The voltage drop or potential gradient in the water, 
due to the resistivity of the water, can also be determined from 
the graph in FIGURE 3, together with the voltage gradient at 
varying distances. 
When the output from the generator was set at 300 volts D.C. 
the following voltage gradients per inch of fish resulted: — 
Distance from 
Anode Electrode Vg. 
Input volts 300 volts D.C. 3 ft. 2.8 
to Electrodes. 5 ft. 1.5 
Cathode earthed on river 6 ft. 1.45 
bed. 12 ft. 0.5 
Tests were made in different rivers to measure the voltage 
gradients between the electrodes. A wire probe was connected to 
the meter, with an applied voltage, between the electrodes, of 
250 volts D.C. The following average Vgs. per inch were obtained 
at this loading (assumed linear): — 
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Experiment No. 1 
The object of this experiment was to obtain information on 
voltage gradients produced by a 3 phase alternating supply of 
50 volts, 50 cycle, A.C. per phase. A method was. employed 
whereby a 12 inches simulated fish, comprising two 1^ inches 
diameter metal discs, 12 inches apart, was used. Measurements 
were taken with a solartron cathode ray oscilloscope, type CD, . 
711. The measurements listed below were peak readings and 
voltages given were those arising between phases: — 
(1) Red Phase Green Phase Black Phase 
R.M.S. Volts. 59 56.5 56.5 
Probe test carried out with cathode ray oscilloscope earthed in 
ground. 
(2) Red Phase Green Phase Black Phase 
R.M.S. Volts 63.5 57.0 55.0 
Probe test carried out with cathode ray oscilloscope earthed in 
water. 
(3) Red Phase Green Phase Black Phase 
R.M.S. Volts 62.0 57.0 56.5 
Test probe in water, with probe wire eight inches from river bed 
at the above voltages, five feet from electrodes. 
Voltages per inch of simulated fish found to apply in varying 
distances from the electrodes in the water are as follows: — 
At electrode Sim. fish head on to electrode. 
Sim. fish at right angles to 
electrode. 
At 3 ft. distance Sim. fish head on to electrode. 
Sim. fish at right angles to 
electrode. 
At 6 ft. distance Sim. fish head on to electrode. 
Sim. fish at right angles to 
electrode. 
At 10 ft. distance Sim. fish head on to electrode. 
Sim. fish at right angles to 
electrode. 1.1 0.09 
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These voltage gradients compared favourably with those found 
to apply, by other workers. McMillan, in 1928, found that a 
minimum length paralysis voltage gradient, in water with a 
resistivity of 10,000 ohms per cubic inch, was 1.85 volts D.C. A 
water with a resistivity of 2300 ohms per cubic inch required a Vg. 
of 0.937 volts D.C., and water with a resistivity as low as 11.6 
ohms required a Vg. of 0.366 volts D.C. 
Haskell, in 1954, found at 230 volts D.C., that an effective 
shocking distance at 5 feet was achieved with a voltage of 1.18 
for a 3 1/2 inches long trout. This voltage would be severe for larger 
fish. 
The investigation by Hartley and Allen, of the Ministry of 
Agriculture, Fisheries and Food, into Electric Fishing, in 1952, 
showed that the V/"g. necessary to paralyse a 6 inches long trout 
was approximately 1.1 volts., whilst the paralysis voltage for a 
10 inches long trout was approximately 0.28 volts D.C. 
Lethlean, in 1953, gave a paralysis voltage of 0.55 volts per 
inch for a 9 inches long fish and 1.1 per inch for a 3 1/2 inches long 
fish. 
It is extremely clear, from the experiments now carried out, 
that these tolerances are far too high for large fish, such as salmon 
and the larger sea trout, and a v/"g of about 0.15 volts, depend-
ing upon the conductivity of the water, is fairly effective and safe. 
Experiment No. 2 
This experiment was carried out to ascertain what damage to 
fish of the larger size groups resulted from electric fishing. 
Ten salmon kelts, with an average length of 30 inches and 
ten sea trout kelts, with an average length of 18 inches, were 
subjected to an electrical generator output of 210 volts at 1.4 
amps., applied to a river with a resistivity of 3,000 ohms per cubic 
inch. An electrical stimulus was applied to the fish for one second. 
The impulse was then switched off and the fish allowed to swim 
away. Eight days later, two salmon and two sea trout were 
seen to be swimming queerly, showing the impaired swimming 
symptoms already described. The four fish were removed from 
the river and subjected to X-ray examination. Fractures typical 
of that found in FIGURE 2 were present. Throughout this ex-
periment, the voltage loading from the generator did not exceed 
210 volts D.C., on the output meter. The cathode was, at all 
times, on the bed of the river, the anode was moveable and no 
fish had been directly touched with the anode. 
This was the first indication that the Board's electrical fishing 
apparatus was responsible for injuring the fish and that the applied 
loading was far too high for salmon and sea trout. 
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Experiment No. 3 
Tests were carried out, with the same applied loading as in 
Experiment No. 2, in order to determine, whether or not fractures 
could occur in coarse fish and brown trout, similar to those occurr-
ing in salmon and sea trout. 
Accordingly, six pike, each 20 inches long and each full of 
spawn, six perch, in like condition, six roach, 12 inches long and 
six chub, of the same length, were placed in the same river water, 
having the same resistivity as in Experiment No. 1, The electrical 
impulse of 210 volts D.C. at 1.4 amps. was applied from the same 
generator for the same period of time. All the fish were stunned 
into immobility and, after recovery, daily observations were 
made, extending over a period of 21 days. 
No untoward decrease in mobility was found and X-ray 
examinations revealed that the bone structures of the 20 inches 
long pike and the 12 inches long perch were unharmed. See 
F I G U R E 7(A) — backbone of a 12 inches long perch. 
Experiment No. 4 
Having found a complete immunity in the case of certain 
coarse fish, a further test was now carried out in exactly similar 
conditions to those outlined above. Twelve 8-12 inches long 
brown trout were subjected to an electrical stimulus, similar to 
that used in Experiment No. 3, and observed for 21 days. No 
apparent loss of mobility developed during this time and X-ray 
examination of four of the fish revealed no harm or injury. 
The experiments, at this stage, indicated that more harm 
resulted from electric fishing when dealing with salmon and large 
sea trout (probably due to their size), than when an electrical 
stimulus was applied to coarse fish and brown trout. Therefore, 
to confirm the findings with a greater degree of accuracy, twenty 
free roving sea trout, 9 inches to 18 inches in length, and three 
salmon, 20 inches to 26 inches in length, were introduced into an 
enclosed river, which had a gravelly bed and over-hanging banks 
and contained wild brown trout. In this instance, natural cover 
was available for all the fish. The same electrical impulse, i.e. 
210 volts D.C. at 1.4 amps., was applied for the same period of 
time and the same resistivity was present in the water. Fractures 
were found in one salmon and three sea trout, but none in the 
brown trout. 
Whilst the electrical stimulus was being applied, four of the 
12 inches long sea trout were touched with the electrode to ascer-
tain what immediate damage resulted. They were then quickly 
killed and carefully dissected. It was found that, in addition to 
distortion of the spine, the main dorsal artery had been ruptured 
in these fish, internal haemorrhage taking place. This provided 
evidence that the electrical energy applied to these fish was causing 
harm. (See F IGURE 4.) 
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Following on the above experiments various modifications 
were made to the electrical generators and various reduced 
voltage loadings were applied to a number of rivers containing 
fish. In all cases where salmon and sea trout were present, 
injuries were caused. 
Investigations were made, at this stage, to ascertain if a true 
direct current was, in fact, being produced by the generator. 
Tests were carried out in conjunction with Mr. W. H. Moore, 
of the Freshwater Biological Association, Windermere, whose 
helpful advice and assistance is gratefully acknowledged. A 
solartron cathode ray oscilloscope, type C.D. 711, produced, 
visually, the wave form pattern as seen in the illustration below. 
(FIGURE 5.) 
FIGURE 5 
It was found that the D.C. output was reasonably constant 
at 200 volts but that transients were being produced by the 
"sparking" of the commutator brushes. These transients caused 
a voltage uplift of 70 volts on one side of a norm and 50 volts on 
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the other. This meant that a fish subjected to an electrical impulse 
of, supposedly, 200 volts direct current generated voltage output 
was, in addition to the 200 volts loading, being subjected to voltage 
surges amounting to 120 volts at, roughly, 1,440 cycles per minute. 
With this machine, therefore, fish were being subjected to an 
intense mixed current of direct and alternating type, instead of 
a true direct current. (See FIGURE 5.) 
Various modifications were carried out, using low frequency 
chokes and condensors, and it was later found that the generator 
output could be effectively "smoothed" by applying a reservoir 
condensor of 16 microfarads across the output leads. Final 
modification resulted in a wave form being produced, on the 
solartron oscilloscope, of reasonably true direct current. This 
is shown on the illustration (FIGURE 6.) 
FIGURE 6 
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Experiment No. 5 
During November, 1959, a further experiment was carried out 
in a river, having a resistivity of 1,100 ohms per cubic inch, to 
find what minimum electrical impulse would fracture the bones 
of 18 inches long sea trout. 
Into the field windings of the modified generator, a variable 
rheostat was introduced, which could vary the voltage loading 
from zero to 200 volts D.C. FIGURE 7(B) shows an X-ray film 
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of a 20 inches long cock sea trout, taken from this river, which 
reveals a fracture produced with a smoothed voltage loading of 50 
volts D.C. at half an ampere. The same loading was applied on 
other rivers, some fish being stunned, others being unaffected. 
The applied voltage of 50 volts was too low to give overall 
successful fishing results. The voltage gradient per inch of fish 
using electrodes that were oxidised, one foot away from the fish, 
was 0.1 volts D.C. 
Experiment No. 6 
Tests were carried out to discover what voltage variations 
occurred in a local field with clean and dirty aluminium electrodes. 
One set of electrodes had been in constant use in various waters, 
thereby developing a high internal resistance. This increased the 
Vg per inch, as applied to the fish, by approximately seven times, 
when the current from the generator applied to the electrodes was 
50 volts D.C. In the case of a 200 volts loading, the increased 
Vg. per inch was four times as high. The following details 
indicate the various tolerances found to apply:— 
Under Barrow Beck 
50 volts D.C. Input 
Dirty Electrodes 
9 ft. Distance from Electrode — 0.15 -v. per foot 
6 ft. Distance from Electrode — 0.2 v. per foot 
3 ft. Distance from Electrode — 0.45 v. per foot 
1 ft. Distance from Electrode — 1.2 v. per foot 
Clean Electrodes 
9 ft. Distance from Electrode — — 
6 ft. Distance from Electrode — 0.03 v. per foot 
3 ft. Distance from Electrode — 0.17 v. per foot 
1 ft. Distance from Electrode — 0.2 v. per foot 
200 volts D.C. Input 
Dirty Electrodes 
9 ft. Distance from Electrode 1.75 v. per foot 
6 ft. Distance from Electrode — 2.8 v. per foot 
3 ft. Distance from Electrode — 5.4 v. per foot 
1 ft. Distance from Electrode — 12.0 v. per foot 
Clean Electrodes 
9 ft. Distance from Electrode — 0.7 v. per foot 
6 ft. Distance from Electrode — 1.5 v. per foot 
3 ft. Distance from Electrode — 1.45 v. per foot 
1 ft. Distance from Electrode — 4.3 v. per foot 
Resistivity of water — 1,200 ohms. 
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This experiment shows that a fish, when it is near to a dirty 
electrode, can receive a greater electrical charge per foot of body 
length and that harm to the bone structure might result. It may 
be that the use of light weight stainless steel electrodes would be 
preferable to metals which oxidise rapidly. 
Laboratory tests were also carried out, using clean and semi-
oxidised electrodes of eight square inches area and a D.C. input 
supply of 60 volts. The resistivity of the water was 3,300 ohms 
per cubic inch. The following details indicate the various tolerances 
which were found to apply when measured on a valve voltmeter 
of 10,000 ohms per volt. The voltage potential, in the case of 
clean electrodes, extended for a distance of twelve inches from 
the anode, whilst the voltage gradient, in the case of dirty 
electrodes, extended for a distance of fourteen inches. 
At ten inches from the dirty anode electrode, it will be found 
that a voltage of 9.5 was recorded, whereas, with the clean 
electrode, a reading of 5.0 volts was obtained. This tends to 
confirm the results of the experiments made in the rivers under 
examination that a greater voltage per inch of fish can be produced 
as a result of oxidisation of the metal. 
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Experiment No. 7 
Observations were carried out, for six months, in a river 
subject to tidal influence, with an alternating current supply 
(3 phase), 50 volts per phase at 1 1/2 amps. The stream had a 
resistivity of 1000 ohms per cubic inch. A fresh-run salmon, 28 
inches long, came freely into the orbit of the electrodes and sus-
tained a fracture of the spine. Three to six feet away, the voltage 
gradients per inch of fish were between 0.16 and 0.27 respectively. 
It is likely that these gradients are still too high and further tests 
are being proceeded with. 
Since this occurrence, five or six 18 inches long sea trout have 
been affected and 4 inches long elvers, beneath the electrodes, 
have been killed. In addition, a further factor has now come to 
light; direct electric current impulses appear to cause compacted 
types of fractures and alternating current appears to produce a 
fracture of an oblique type (see FIGURE 7) (C). 
Experiment No. 8 
Having found that the electric fishing machines caused harm 
to salmon and sea trout, some of which had been obtained from 
rivers where a few natural redds were present, concern arose for 
the safety of the deposited ova. An experiment was, therefore, 
carried out to determine what harm, if any, the electric fishing 
machine had upon salmon and sea trout ova, buried in a river bed. 
The fishing electrode was moved over a few redds in various 
rivers and these were later examined. No conclusive evidence of 
harm could be obtained as siltation effect on redds, not electrically 
fished over, in the same river, produced quite a high degree of 
mortality. Vibert Boxes were then used for conducting a more 
accurate test. Five hundred ova, both eyed and uneyed, were 
separately introduced and placed, at varying depths, in the gravel. 
The electrode was moved over the buried Vibert Boxes in the 
manner normally used during fishing operations. These boxes 
were then uncovered from the varying depths at which they had 
been buried, (i.e. 3 inches, 6 inches and 12 inches). The ova 
were then carefully transferred into the hatchery and observed 
over a period of 60 days. Within 18 days, 45% of white eggs 
developed from the uneyed ova. (The usual percentage of develop-
ing white eggs, in a hatchery, is in the region of 5%). In the case 
of the fully eyed ova, no mortality occurred. 
Thus, between the fertilized stage and the fully eyed stage of 
ova development, there may be a period when electric fishing over 
redds can be harmful. Further tests are being carried out in res-
pect of this important aspect of electric fishing. For the time 
being, any redds deposited in rivers are strictly avoided when 
electric fishing techniques are applied. 
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Experiment No. 9 
This experiment was carried out to determine what effect, if 
any, low water temperatures had on electric fishing techniques 
and on fish in the vicinity of the electrode. It is known that a 
lower voltage input is required, for paralysis, where the resistivity 
of the water is low than where the resistivity is high. Water 
temperature also has a bearing on the techniques, and resistivity 
can vary considerably with temperature changes. 
An experiment was carried out on Newby Beck, a headwater 
tributary of the River Wenning, when the river water temperature 
was 33° F., to ascertain the effect on fish of low temperature. 
The fish, stunned with the modified equipment, were Miller's 
thumb (cottus gobio), stone loach (nemacheilus barbatula), 
brown trout and eels. All the fish\ were lethargic, being drawn 
slowly towards the anode electrode. All species, excepting eels, 
appeared to be unharmed but took a considerable time to recover 
mobility. The eels were removed from the water and placed on 
the banks of the river where they were seen to- be bleeding profusely 
from the gills. The reason for this is not fully understood, but 
may be related to the conductivity and temperature tolerances 
existing at the time of the experiment. In a water temperature of 
40° F., these conditions were not found and haemorrhages from 
the gills of eels do not appear during normal electro-fishing 
operations. 
Other Factors Requiring Consideration 
1. Investigations into bone sections taken from the spine of a 
salmon, not electrically fished over, produced a section as seen in 
FIGURE 8 (A). (The translucent area in the centre of the section 
is quite normal.) FIGURE 8 (B) shows a section of the spine of 
a salmon, when a rupture of the dorsal artery had taken place 
—the centre is bluish in colour and haemorrhagic. FIGURE 8 (C) 
shows a section taken from a salmon, where no haemorrhagic con-
dition was found but a fracture was present. (In nearly all cases 
where fractures were found, extensive bruising of the bone 
structure was present and, externally, a blackish patch was visible, 
similar to the thumb-mark on a haddock, indicating that a spinal 
deformity was present.) 
In all of the fish examined by means of X-rays, the sections 
of the spinal segments found to be affected were those between 
the 25th and 40th segments, counting from the head. It may be 
that this point of flexion in the upper tail section of salmon and 
sea trout is the most sensitive part of the spine. 
2. From the 26th October to the 19th November 1959, 506 
18-20 inches long sea trout were subjected to electrical impulses 
with the modified machine, (smoothed output), as follows: — 
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Observations on these fish, held in captivity, showed that, 
in the case of sea trout, the physical damage had been reduced 
from 10% to 4.7%, as a result of smoothing the output from the 
generator. Unlike previous years, this percentage damage now 
applied only to pre-spawning cock fish whereas, in all other 
instances, both cock and hen sea trout had been affected. This 
indicated that there may be a different metabolic requirement in 
this species of fish at, or approaching, spawning time. The higher 
mortality rate in cock migratory fish, as opposed to hens, may 
be further evidence of this. 
3. It is becoming clear that salmon and sea trout may be much 
more sensitive to electric charges than are brown trout and 
coarse fish, though length ratios have a bearing on the frequency 
of the occurrences reported here. It is likely that the nervous 
condition at certain times of development, prior to and after 
spawning, can be affected by electrical charges. It is known that, 
within recent years, many mentally deranged patients have been 
subjected to electro-convulsive therapy, without anaesthesia, in our 
hospitals and compression fractures of the spine have been not 
uncommon complications. It is likely insofar as electric stimulus 
is concerned, that similar occurrences can apply to salmon and sea 
trout. 
4. Fish were, submitted for calcium analysis and the following 
concentrations were found : — 
These calcium tolerances indicate that the concentration in the 
bone of pre-spawning salmon and sea trout is much lower than 
that in fresh water types of fish. It may well be that the reduced 
amount of calcium in the bone of salmon and sea trout is another 
reason why their spines are more readily broken. 
5. Investigations have been made into the fat reserves in pre-
spawning salmon and sea trout, as compared with salmon and sea 
trout entering a river from the sea. Dr. G. Howells, of the 
Ministry of Agriculture, Fisheries and Food, found that the fat 
concentration in salmon and sea trout about to spawn was as low 
as 4%, whilst fish in from the sea had a fat content of 96%. This 
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reduction might well be another contributory factor to be taken 
into consideration when assessing the effects of electric fishing on 
salmon and sea trout, particularly near spawning time. 
Observations 
On certain pages in this Report can be found the various 
voltage gradients found to apply in rivers from which salmon and 
sea trout with fractured backbones have been removed. Whilst 
some of these gradients have been too high, others are in 
reasonable conformity with the findings of other workers, who 
have determined paralysis levels for brown trout and coarse fish, 
but not for salmon and sea trout. It can now be assumed that the 
voltages and technique required for one species of fish are quite 
different to those required for others, especially in the larger size 
groups. 
Experiment No. 5 reveals how the backbone of a 20 inches 
long cock sea trout was broken with an applied 50 volts D.C. 
output from the generator. The voltage gradient, 3 feet away 
from the fish, was only 0.037 volts per inch of fish length. Twelve 
inches away from the electrode, the voltage per inch was 0.1. 
This V / " g was sufficient to cause the fracture shown in F I G U R E 
7 (B), and tends to confirm that the physical constitution of the 
fish, at time of paralysis, has some bearing on the degree of 
damage that can arise when electric fishing techniques are applied. 
Experiment No. 9 indicates that the temperature of the water 
is an important factor in producing certain forms of damage, when 
electric fishing techniques are carried out. 
From the experiments it has been found that conditions 
vary with groups of fish of the same species, and this tends to 
confirm that the constitution of the fish is a factor not to be 
disregarded. 
An interesting finding resulting from Experiment No. 6, shows 
that fish can receive a greater electrical impulse when the 
electrodes are "d i r ty" than when they are clean. In some cases, 
the voltage lift is as high as six times. 
Conclusion 
In the Lancashire River Board Area, it was found that harm 
to salmon and sea trout was caused as a result of electric fishing 
techniques, and the purpose of the investigations now reported 
is to reduce as far as possible harm to fish that might arise in 
this connection. 
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It is now quite well known that each type of electric fishing 
machine has certain advantages, some types more than others. 
No one type, however, can be recommended as meeting all require-
ments, without some modification. No single unit is suitable for 
waters of all areas and depths and efficiency can only be obtained 
if a local electric field is capable of being produced in the river 
or pool, the area of such field depending upon the temperature 
and resistivity of the water. 
The most important factor which came to light, from the 
experiments related here, is that the voltage loadings applied to 
rivers containing large salmon and sea, trout must be extremely 
low, when measured in terms of voltage per inch of fish. Other-
wise, it is likely that harm will result. 
As a guide to a safe voltage gradient per inch of fish, it is 
suggested that a factor of three be divided by the length of fish 
to be electrically stunned, the resultant figure being the approxi-
mate voltage required per inch of fish to give safe working result. 
For example: — 
Factor of 3 3.0 = 0.10 volts per inch 
Length of Fish HO inches 
Factor of 3 3.0 = 1.0 volts per inch 
Length of Fish 3 inches 
It is necessary to reiterate the remarks made in the 1959 
Report, when it was pointed out that actual proof of damage to all 
species of fish could not be substantiated and the observations 
made then did not warrant the complete abolition of the electric 
fishing equipment. The results of the present experiments do not 
warrant a complete abolition either, but do prove that greater 
care is needed when fishing for salmon and sea trout than when 
collecting brown trout and coarse fish. 
It is also necessary to point out that only by keeping fish 
under observation in natural surroundings can the true extent 
of the damage be determined, for the impaired swimming capa-
bilities are not always apparent until four or five days have elapsed. 
The Report, it is hoped, will reveal some of the work that has 
been done in an endeavour to solve some of the problems which 
have arisen when electric fishing machines have been used in 
various rivers in the Board's Area, and to the Board thanks are 
extended for permitting these investigations. 
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